A high throughput (>90%), large compensation range, single-prism
  femtosecond pulse compressor by Kong, Lingjie & Cui, Meng
A high throughput (>90%), large compensation range, single-prism 
femtosecond pulse compressor 
Lingjie Kong, Meng Cui* 
Janelia Farm Research Campus, Howard Hughes Medical Institute, Ashburn, Virginia 20147, USA 
* cuim@janelia.hhmi.org 
 
Abstract: We demonstrate a high throughput, large compensation range, single-prism femtosecond pulse 
compressor, using a single prism and two roof mirrors. The compressor has zero angular dispersion, zero 
spatial dispersion, zero pulse-front tilt, and unity magnification. The high efficiency is achieved by 
adopting two roof mirrors as the retroreflectors. We experimentally achieved ~ -14500 fs2 group delay 
dispersion (GDD) with 30 cm of prism tip-roof mirror prism separation, and ~90.7% system throughput 
with the current implementation. With better components, the throughput can be even higher. 
1. Introduction 
Femtosecond pulses with high peak-power have found broad applications in micromachining, biomedical 
imaging, and spectroscopy[1, 2]. However, femtosecond pulses are susceptible to GDD when they 
propagate through optical elements, resulting in longer pulse duration and lower peak power. Generally, 
pulse compressors are used to compensate the material dispersion. In multi-photon microscopy, 
femtosecond pulses with high peak-power are expected to achieve high excitation efficiency[2]. The 
excitation pulses should be prechirped by pulse compressors before entering the microscope, such that the 
negative GDD introduced by the compressor cancels the positive GDD of the microscope components. 
Components with angle dispersion, such as gratings and prisms, are commonly used to introduce negative 
GDD. So far, various schemes of femtosecond pulse compressor (with either gratings, prisms, or phase 
compensation based on SLM or deformable mirrors) have been demonstrated [3-6]. The most common 
prism compressor is composed of two prisms and a mirror. Although this scheme is much simplified 
compared to the four-prism pulse compressor, it is still difficult to tune, align and vary its GDD over a 
wide range. Recently, a single-prism pulse compressor has been demonstrated[1]. The system is compact 
and easy to align. However, the system throughputis low (~70%) mainly due to the corner cube in the 
setup.   
Here we report a high throughput, large compensation range, single-prism femtosecond pulse compressor. 
We use roof mirrors (total internal reflection), instead of corner cubes, to ensure high throughput. The 
system keeps all the advantages of single-prism compressor as in Ref.[1], such as zero angular dispersion, 
zero spatial dispersion, zero pulse-front tilt, and unity magnification. With ~30 cm of prism tip-roof 
mirror separation, ~14500 fs2 GDD can be compensated. Current implementation shows ~90.7% system 
throughput, despite that one silver mirror is used in the system. Replacing the silver mirror with a 
dielectric mirror can provide a ~3% improvement.  
2. High throughput, large compensation range, single-prism femtosecond pulse compressor  
The proposed compressor is shown in Fig. 1, which is composed of a single prism and two roof mirrors. 
A laser beam of p-polarization enters the dispersive prism at the Brewster angle and becomes spatially 
dispersed. A roof mirror (90 degree fused silica prism) works as a retroreflector and shifts the beam 
horizontally. After the second pass through the prism, the beam enters the other roof mirror (90 degree 
fused silica prism) that shifts the reflected beam vertically (changing the beam height). The reflected 
beam propagates through the prism twice and is picked off by a D-shape silver mirror. 
It should be noted that the roof mirrors adopted in our scheme ensure a higher throughput, compared to 
that with the corner cube [1]. It is known that corner cubes based on total internal reflection will alter the 
polarization states of the input beam[7], which decreases the transmission at the prism surface. To keep 
pulse's polarization state intact, a corner cube with metal coating are used in Ref.[1]. However it is still 
lossy, as every reflection introduces ~3% loss for pulses at 700~1100 nm. Six reflections will lead to as 
much as ~17% loss. Here, we use roof mirrors based on total internal reflection as ideal 180o 
retroreflectors with high reflectivity and zero polarization rotation. 
The GDD can be tuned over a broad range by translating the first roof mirror (roof mirror 1 in Fig. 1). 
Same as in Ref.[1], this scheme is the spatial-temporal distortion free: there is zero angular dispersion, 
zero spatial dispersion, and zero pulse-front tilt in the output beam, which is experimentally verified with 
FROG.  
  
Figure 1 Scheme of the highly efficient single-prism pulse compressor. Beam traces at two different heights are 
shown with solid line and dash-dot line, respectively. 
3. Experimental results and discussion 
In experiments, we use an isosceles Brewster angle N-SF66 prism (for 930 nm) to disperse light. The 
fused silica roof mirrors' hypotenuses are anti-reflection coated. Mirror 1 and 2 in Fig.1 are dielectric 
mirror and D-shape silver mirror, respectively. The laser pulses at 930 nm are from a Ti:Sapphire 
oscillator (Chameleon, Coherent), and the pulses are measured with GRENOUILLE[8] (Swamp Optics) 
before and after the pulse compressor. Figure 2 shows the measured GDD at different prism tip-roof 
mirror separations. Linear fitting shows that the slope of GDD versus the prism tip-roof mirror separation 
is -84 fs2/mm (95% confidence bounds), agreeing well with the calculated result -82 fs2/mm (Lab2 [9]). 
With ~30 cm of prism tip-roof mirror separation, ~14500 fs2 GDD can be compensated. This is sufficient 
to compensate the dispersion in even highly complicated microscopes[1, 10].  
The system throughput is 90.7±0.7% for pulses at 930 nm. Replacing the D-shape silver mirror with a HR 
coated dielectric mirror would provide ~3% improvement.  
  
Figure 2 GDD at different prism tip-roof mirror separations. Red line: linear fitting. 
4. Conclusion 
We proposed and demonstrated a high throughput, large compensation range, single-prism femtosecond 
pulse compressor. It is of zero angular dispersion, zero spatial dispersion, zero pulse-front tilt, and unity 
magnification. Fused silica roof mirrors are adopted to ensure high throughput of the system. With current 
design, ~14500 fs2 GDD can be compensated with ~30 cm of prism tip-roof mirror separation and the 
system throughput reaches ~90.7%. Replacing the silver mirror with a dielectric mirror will provide 
additional ~3% improvement.   
Acknowledgement 
This research is supported by Howard Hughes Medical Institute. 
Reference 
[1] S. Akturk, X. Gu, M. Kimmel, and R. Trebino, "Extremely simple single-prism ultrashort-pulse compressor," Optics 
Express, vol. 14, pp. 10101-10108, 2006. 
[2] W. R. Zipfel, R. M. Williams, and W. W. Webb, "Nonlinear magic: Multiphoton microscopy in the biosciences," 
Nature Biotechnology, vol. 21, pp. 1369-1377, 2003. 
[3] R. L. Fork, O. E. Martinez, and J. P. Gordon, " Negative dispersion using pairs of prisms," Optics Letters, vol. 9, pp. 
150-152, 1984. 
[4] M. Lai, S. T. Lai, and C. Swinger, " Single-grating laser-pulse stretcher and compressor," Applied Optics, vol. 33, pp. 
6985-6987,1994. 
[5] V. K. Chauhan, J. Cohen, P. M. Vaughan, P. Bowlan, and R. Trebino, "Distortion-Free Single-Prism/Grating Ultrashort 
Laser Pulse Compressor," IEEE Journal of Quantum Electronics, vol. 46, pp. 1726-1731, 2010. 
[6] T.-w. Wu, J. Tang, B. Hajj, and M. Cui, "Phase resolved interferometric spectral modulation (PRISM) for ultrafast 
pulse measurement and compression," Optics Express, vol. 19, pp. 12961-12968, 2011. 
[7] J. Liu and R. M. A. Azzam, "Polarization properties of corner-cube retroreflectors: Theory and experiment," Applied 
Optics, vol. 36, pp. 1553-1559, 1997. 
[8] S. Akturk, M. Kimmel, P. O'Shea, and R. Trebino, "Measuring pulse-front tilt in ultrashort pulses using 
GRENOUILLE," Optics Express, vol. 11, pp. 491-501, 2003. 
[9]          B. Schmidt, M.Hacker, G. Stobrawa, T. Feurer, LAB2-A virtual femtosecond laser lab, http://www.lab2.de. 
[10] J. Tang, R. N. Germain, and M. Cui, "Superpenetration optical microscopy by iterative multiphoton adaptive 
compensation technique," Proceedings of the National Academy of Sciences of the United States of America, vol. 109, 
pp. 8434-8439, 2012. 
100 150 200 250 300
-16000
-14000
-12000
-10000
-8000
-6000
-4000
-2000
0
2000
4000
6000
Prism tip - roof mirror seperation (mm)
G
D
D
 (f
s2
)
